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No. 1,398.-" The  NQgp6r  Waterworks ; with Observations on the 
Rainfall, the  Flow from the  Ground,  and Evaporation a t  
NBgpGr ; and on the  Fluctuation of Rainfall  in  India  and  in 
other places."' By ALEXANDER RICHARDSON BINNIE, M. Inst. C.E. 

N~GPGR, the  capital of the  Central Provinces of the  Indian Empire, 
is situated  in 21" 9' K. latitude,  and 79" 11' E. longitude, at an 
elevation of from 975 feet to 1,015 feet  above sea level. It is 
10 miles distant from the  Kanhan  river, one of the  principal  tribu- 
taries of the  Weingunga, a confluent of the Godavery, and 519 

~ miles N.E. from Bombay, on the  Great  Indian  Peninsula  railway, 
being at  the  extremity of one of the branches of that line. The 
geological formation of the  district is trappean,  with basaltic 
eruptions  rising  into  low  rounded  hills,  and  in some places, as   a t  
Sitabaldi, the hi11 fort of NBgpGr, into  abrupt eminences. The 
city, however, is  mostly  built on  gneiss and  other metamorphic 
rocks, of apparently older formation than  the basaltic and  trappean 
series  which overlie  them. The  average  annual  rainfall for the 
nineteen  years 1854-5 to 1872-3 (Appendix, Table I., page 22) was 
40 73 inches. Of this  amount 37 * 52 inches fell during  the mon- 
soon months of June,  July,  August, September, and  the  early  part 
of October, and  the  remaining 3 * 21 inches in showers during  the 

1 The discussion upon this  Paper occupied portions of three  evenings,  but  an 
abstract of the whole is given consecutively. 
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2 THE N B G P ~ R  WATERWORKS. 

rest of the year. Ey  the census of 1872, the population was 84,000 ; 
and from  older  records it is believed not  to be  upon the increase. 

Up to  the  time of the completion of the works about  to  be 
described, the  inhabitants of the  city often suffered severely 
i n  consequence of the  scanty  and  impure  nature of the  water 
supply, It appears from an official return, made in  1864, that out 
of twelve  hundred  and  thirty-one wells sunk  in  the  basaltic  and 
metamorphic  rocks on which the  city is built,  about  nine  hundred 
yielded  brackish water;  and even those yielding fresh water  are 
thought  to  have been contaminated  by  the  main  drain of the town. 
Besides wells, there were two  other sources of supply-the Jum(t 
Taltio, an  artificial  tank  or reservoir,  between the  native tonw 
and  the  civil  station  (Plate 1, Fig. 1) ; and  an old and decayed 
work, fed from a  reservoir a t  AmbiLjhari, 4 miles from the city. 
The former of these sources  was not sufficiently  elevated to com- 
mand  the  city,  and  the  water  was  unfit  for  drinking  owing  to  the 
drainage  area  being  thickly  inhabited;  the  latter source will  be 
again referred  to. 

During  the  dry season following the  failure of the  rains of 1868, 
the  evils of the  then  existing  state of affairs became painfully  ap- 
parent.  The Chief Commissioner, Mr. J. H. Morris, C.S., having 
determined to remedy them,  the  Author was  directed to  prepare a 
project  for furnishing  the  city  with a pure  and  abundant  supply 
of water. The  question  had before been the subject of discussion, 
and  several proposals had been made as  to  the  best  direction  in 
which  to look for a  source of supply.  The  various  suggestions 
were  carefully inquired  into,  and  the whole of the  country was. 
examined in detail. 

The points  to  be considered were, as  all  the  streams  dry up after 
the  termination of the  rains,  that a good project must include a 
large  storage reservoir, because the subsoil water,  owing to  its 
frequent brackishness, could not be used ; that  the reservoir  should 
be  situated  at a sufficiently high  level  to command the city, ancl 
be of such  capacity  as  to provide for years of fluctuating  rainfall, 
and for  periods of more than one year  during  which it might 
remain below the  average ; and  that  the reservoir  should  receive 
the  drainage of a tract of country  large enough to  yield, eve11 
under  the  average  rainfall of the  three  driest consecutive years, a 
sufficient supply for the  wants of the  city,  and  to provide  for 
evaporation during  the  dry months. 

The  result of this  examination  led  the  Author,  in Kovember 
1869, to  advise that  the old  reservoir a t  Ambtijhari  should be 
remodelled and enlarged, and  that  the  water should be brought 
to  the  city in cast-iron  pipes under  constant pressure. These 
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THE H A G P ~ R  WATERWQRKS. 

rccommcndations, having been approved by the municipality  and 
thc local officcrs, received the sanction of the Government of India 
in  April 1870. 

The old works, which formed the basis of the project,  were con- 
structed  under  the BhonslB dynasty  (Rajhas of NQgpGrj, about 
eighty  or  ninety  years ago, principally for the purpose of supplying 
the palace, and  the houses and  gardens of a few of the  native gentle- 
men attached to the Cyurt. The  site of the reservoir is a t  a point 
on the  river NBg, which flows through  and  gives its name to 
NBgp6r, a little  to  the south-west of the  village of AmbBjhari 
!Plate 1, Fig. l), which name literally means the  spring of the 
mango grove. Perhaps  the existence of some natural  springs  at 
this place may  have  led  to  the selection of the  site;  at  any  rate, 
the  Author can state, from personal observation, that even when 
there  was no water  in  the old reservoir, springs  did  exist  in  the  low 
ground below the embankment, and provision appears  to  have beeu 
made for securing  the  water flowing from them,  when  other sources 
of supply  hiled. 

The  ancient reservoir was formed by  an  embankment,  rather 
crooked in its alignment,  and 856 yards  in  length  (Plate 1, Fig. 2), 
across the  valley of the Ngg. Its average  height  was 12 feet, the 
extreme  height  being 20 feet. Its  width  at  the  top  varied from 
40 feet to 60 feet, and  the back slope had  an  inclination of about 
12 to l ; the  inner face was protected by a vertical  rubble  wall, 
with projecting  semicircular and octagonal  bastions, also of rubble 
masonry. The reservoir,  when full,  had  an  area of 237 acres, 
and contained 80,000,000 cubic feet. The  water  was  drawn from 
it through a  masonry sluice, the flood waters being  discharged 
over two waste weirs, of the  aggregate  length of 128 feet. Another 
sluice, 200 feet south of the one in work, had been stopped up, but 
a good deal of water leaked through. 

The Ambhjhari  reservoir was  dry  during  April  and May 1869. 
The  Author  then examined the face wall,  which was cracked% 
many places, and showed other signs of unequal  settlement,  and a t  
the same time  tested,  by  digging holes in  the bed of the reservoir, 
the  amount  and  nature of the deposit since its construction. This 
was clean earthy  matter,  in no case of a greater  depth  than 2 feet 
6 inches. The old sluice (Plate 1, Figs. 3 and  4j projected several 
feet beyond the face wall,  and  was flanked on the sides by  stone steps. 
The discharge of water  was  regulated  by wooden plugs  inserted 
in five holes in  the  steps of the  outer face, and  in seven holes in 
the  side of the  well or chamber A. The flow into  the  city  through 
the masonry  pipe was  further  regulated  by  another series of wooden 
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4 THE NAGPI'R WATERWORKS. 

plugs  in  the chamber C ; and  the  water could at  any time  be cut 
off from the  city  by  inserting one plug  in  the  outlet of the  well 
marked B. The sluice  was generally worked by opening the  upper 
submerged plug on the outside, so as to keep the  water  in  the 
well A a few feet lower than  that  in  the reservoir as well as one of 
the submerged plugs in  the well A, so that  the  water  did  not  rise 
more than a foot or so in  the well B ; and  this  arrangement  was 
repeated in  the  well  or chamber C. In  the south side of chamber C 
there  was  another opening, for the purpose,  as  explained by one of 
the old native watermen, of collecting the  water from the  springs 
below the reservoir, which often flowed, even in  dry seasons, when 
the reservoir  was empty;  but  in 1869 the  channel  leading  to it 
was choked. 

The  pipe from the chamber C to  the  city was 4 miles in  length, 
and  was formed of blocks of sandstone, from 2 feet 6 inches to 3 feet 
6 inches  long,  and 18 inches to 2 feet  square, through  which a 
circular  hole 9 inches in  diameter  was bored (Plate l, Figs. 5 and 6). 
At  one end of each block there was  a recess and at  the  other  end a 
projection, and  the  joints were  made good with  mortar,  in which 
a little chopped hemp or cotton had been mixed;  the whole of the 
blocks were  surrounded by  basalt  rubble masonry to a  thickness of 
from 1 foot to 18 inches. The  alignment  and levels of the pipe track 
were  somewhat irregular.  Frequent  water towers or  cisterns allowed 
of the disengagement of air,  but  their  principal use was to  reduce 
the head of water,  which escaped when  required, by openings in  the 
sides of the tower, closed by wooden or masonry  plugs. In  this 
way  the  available head to overcome friction in  the  last 3 miles 
of the pipe was reduced to 1 foot. The  distribution  in  the  city 
was  on  the  intermittent principle, the  water from the reservoir 
being delivered into  small  cisterns  (Plate 1, Figs. 7 and S), in  the 
bottom of which were several holes leading  to  the service pipes of 
unglazed  earthenware. The  water  was  in  turn  admitted  to  or 
s h t  off from these pipes by  the  insertion of wooden plugs  in  the 
holes. The design of these old works exhibited much  care and 
skill,  principally  with a view  to accommodate the pressure of the 
water  to  the  strength of the pipe. 

I n  1868-69 the whole of the  earthen  part of the  embankment 
and of its slopes was covered with  trees  and bushes, and  the  water 
leaked in many places from the  toe of the  outer slope. This 
leakage, joining  with  the flow of the  springs,  had caused a swamp 
just below the  bank,  which  was covered with  rank  vegetation, 
and  was dangerous to  walk or ride over, being  full of holes and 
boggy places. Trial  pits  having been sunk outside the embank- 
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THE NLGPI~R WATERWORKS. 5 

ment, it was  found that  the rock floor  of the valley  was covered 
to a depth of from 3 feet  to 14 feet with sand, gravel,  and  other 
more or less porous material ; and it was  evident  that  the  water 
made its way from the reservoir under  the embankment,  as it rose 
in,  and flowed out of, these trial  pits  in considerable volume. . The 
masonry  pipe was also in a ruinous condition; the soft sandstone 
had been broken and repaired in  many places, and  had become 
very  friable; a bright  green  vegetation flourished around  the 
leaky places ; and  internally  the pipe was choked by weeds brought 
down in  the  water  when  the reservoir was low, and by the roots of 
trees. Hence, owing  to leakage, both  surface and subsoil, and to 
the evaporation to which so shallow  a  sheet of water was exposed, 
the reservoir, as  in 1869, was occasionally dry  during  the hot 
months,  when water  was most required;  and even  when the reser- 
voir  was full, the old  stone  pipe could deliver  but a  small supply 
in  the  city,  and  this was continually  shut off to effect repairs, &c. 

The  Author selected these old works because above the reservoir 
there  was a catchment area of 6 * 6 square miles (Plate 1, Fig. l), 
free from cult.ivation and  but  slightly covered with soil, the geo- 
logical  formation being  nodular  trap  and  other associated basaltic 
rocks. The  site of the  ancient reservoir  also afforded the most 
economical storage  ground,  and  its level and distance from the  city 
were  such  as to enable gravitation works to be constructed within 
the  means  at  the disposal of the municipality. 

The  works consist of :-A puddle t.rench through  the old em- 
bankment,  extending  at  least 3 feet  into  the rocky floor of the 
valley. The  embankment  has been raised 17 feet 4 inches above 
the level of the  top of the old  face wall, and a  puddle  wall con- 
structed  to  within 3 feet of the  full  height of the new  embank- 
ment.  Inside  the reservoir  a straining  and  regulating  tower  has 
been built,  and a  syphon  discharge  pipe laid from it over the 
top of the old embankment, and below the level of the  newly raised 
portion, with a  valve  house at the foot of the  outer slope. A new 
waste weir a t  a level 13 feet, 4 inches above those of the old reser- 
voir, and a  main pipe 4 miles  long and 13 inches  diameter, with 
10,500 lineal  yards of distribution pipes of 12 inches  diameter, and 
downwards, have also been provided. The  result  is  that a  reser- 
voir,  containing a  gross quantity of 257,500,000 cubic feet of 
water,  and  an  available storage of 240,000,000 cubic feet; or 
1,500,000,000 gallons, has been formed, the  top  water  area of which 
is 370 acres. It is calculated that,  with  this amount of storage, 
a supply of 15 gallons  per  head per  day of twenty-four  hours can 
be  maintained even in  years of extreme drought. 
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6 THE N B G P ~ R  WATERWORKS. 

While  the  works were being carried out  the  water was  retained 
in  the old reservoir to keep  up, as  long  as practicable,  a supply 
through  the old stone pipe. Active  operations  were commenced in 
October 1870, by  draining  the swamp below the embankment, fol- 
lowed by hhe excavation of the  puddle trench. It was determined 
to  sink  the  trench  at a distance of 45 feet 6 inches from, and 
nearly  parallel to, the old face wall;  by so doing the  trench  was 
carried  through  nearly  the whole depth of the  embankment, 
and, for the most part, a good foundation of well-consolidated 
material  was secured for the  front,  and  the  greater  part of the 
back slope. The removal of the necessary material,  which was of 
inferior  quality, allowed of its place being filled up on each side 
of the puddle  wall with selected earth. This  trench  (Plat,e 1, Fig. 0 j 
had side slopes varying from $ to 4 to l ,  up which steps  were 
cut, by which  the coolies carried  basket-loads of earth,  either  to 
form the slope of 2 to 1 in  front of the face wall, or the base of 
the  outer slope where it extended beyond the embankment. While 
the excavation was in  progress the  water  in  the old reservoir stood 
from 15 feet  to 20 feet above the deeper portions of the excavation, 
the  leakage  being pumped out  by a portable  engine  and  centrifugnl 
pump. I n  cutting  the  trench,  as  the rock was approached,  several 
springs of considerable  volume were  intercepted  at,  and a little 
to  the  north of, the  two  square depressions in  the floor of the 
puddle  trench  (Plate 1, Fig. a), 1,000 feet from the  south  end of 
the embankment. The  water  in these springs came from the  outer 
side of the  trench,  and probably was  the subsoil drainage of 
high  land  to  the  south-east of the  southern  end of the embank- 
ment; for, when  this  part of the  trench was filled with puddle, 
the  springs below the  embankment increased, although it was 
towards  the  end of the  hot season. The  trench was 1,033 yards in 
length, of an average  depth of 25 feet, and  an  extreme  depth 
of 36 feet near  the old sluice. The bottom width  in  the rock 
was 5 feet, the top varied from 20 feet  to 49 feet, The quan- 
tity of material excavated was, in  the old embankment, 065,718 
cubic  feet ; in  the  ground below the old embankment  and above the 
rock 243,788 cubic  feet, and  in  the rock itself 58,970 cubic feet, 
making a total of 1,268,476 cubic feet, or  about 47,000 cubic  yards. 
The cost, including  blasting,  pumping,  and  preliminary  drainage, 
was 23,681 rupees, or  at  the  rate of a  fraction  over Is. per  cubic  yard. 

The puddle wall, filling  the  trench,  and  forming  the centre 
of the embankment, was constructed with clay, spread in even 
layers  not exceeding 8 inches in thickness, soaked in  water  during 
the  night,  and worked up  in  the  early  part of the following 
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There  being  no good clay  procurable in  the immediate  neighbour- 
hood of the works, it was brought from a  distance of 3 miles in 
bullock  carts. The  width of the puddle  wall  (Plate 1, Fig. 9) a t  
the top  is 5 feet,, with a  batter on  each  side of 1 inch  per  foot;  this 
makes the thickness at  the ground  level  about 10 feet. It decreases 
from that  width down to 5 feet in  the rock at the bottom of the 
trench.  The consumption of puddle  was 900,000 cubic  feet,  or 
03,300 cubic  yards,  and,  as it cost 66,586 rupees, the  work was 
executed at  a rate of  4s. per  cubic  yard,  including  digging, carting, 
and working. The  earth from the puddle  trench was placed in 
front of the face wall at a slope of 2 to 1 (Plate  I, Fig. 9). The 
berm  on  the  top of the old  embankment, to  prevent the face 
wall becoming  surcharged, is 9 feet 6 inches wide, and  is raised 
3 feet  4  inches above the old  wall. The top of the ancient em- 
bankment  has been  carefully  trenched  longitudinally to  insure 
a junction  between the old and  the new work. The  general 
inclination of the  inner slope is 24 to 1, that of the outer slope 
being 2 to 1. The  top of the  embankment  is 6 feet  above 
the  sill of the waste  weir,  and  has an extreme  width of 7 feet, 
6 inches,  being  finished off with  curbs of rough  stone  laid  dry. 
Black  cotton  soil  was placed on  each  side of the puddle  wall 
in  the trench,  and  was raised  above the level of the old bank a t  
a slope of 1 t o  1, the outer  portion of the embankment  being the 
harder  and less retentive  material.  The  earth was  deposited by 
coolies  from  baskets in layers  about 1 foot thick,  each  layer  being 
watered,  trodden, and  punned, before the  next was laid on. The 
inner slope is pitched with  hard stone 1 foot thick;  the outer  slope 
is turfed, the berm,  or  road, at   i ts  foot being composed  of stones, 
trap rock,  and  gravel. 

The  total cost of thus  raising  the  embankment was 42,774 
rupees;  there  are  about 2,900,000 cubic  feet, or 107,407  cubic 
yards of earthwork,  which  cost on an average 54 pence  per  cubic 
yard.  The rat.es  for the  pitching  varied from 5s. to  10s. per 
100  superficial  feet, and for the turfing 2s. per 100 superficial  feet. 

The reservoir  was full in  October 1872,  nearly so in  18i3,  and 
1 * 3 foot of water flowed over the waste  weir in  August  18i4. 
Three monsoon seasons have passed, and, with  the exception of 
a slip of earth  from  the back slope, in September 1872, which 
was soon repaired, all has gone well. This slip  may be attributed 
t o  the new earthwork  parting from the old s lop ,  possibly  caused 
by  the boggy  ground at   the toe of the slope. 

It was not considered  prudent to break  through or interfere 
with  the  continuity of the face wall, or to run the  risk of 
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8 THE N A G P ~ R  WATERWORKS. 

laying  the  discharge pipe under the  full  height of the embank- 
ment ; and as a tunnel  round  the  end would have  been  expensire, 
owing to  the flat slopes of the valley (Plate l, Fig. lO), it was 
at  last  determined  to  bring  the pipe  over the  top of the face wall, 
using  the masonry in  the old sluice as a partial support. 

The  outlet  finally adopted was a straining  and  regulating towor 
(Plate 2, Pigs. I, 2, and 3), about 30 feet from the face of the sluice 
inside  the reservoir. The excavation for the  towcr was made 
within  an  earthen  embankment  run  out from the old face wall, 
the  inner toe being supported by piles and  planking. It was 
carried clown to  the rock 12 feet below the former bed of the 
reservoir, and 18 feet below the  water  level;  and when the ma- 
sonry rose above the  top  the  temporary  earthen  dam mas removed. 
The  internal dimensions of the  tower  are 15 feet by 6 feet ; up to 
the former ground level it is of basalt  rubble,  the space between 
the  walls  being filled with  concrete; above that  level it is of 
sandstone ashlar,  with  the  upper  part  and  the  arching  set  in 
Portland cement. The face most distant from the  embankment 
(Plate 2, Fig. 1 )  is pierced by  three openings 2 feet square  fitted 
with cast-iron  sluice doors, moved by cross-heads and screws, 
placed in  the  three  pillars  resting on a  cast-iron girder at  the  top 
of the  tower ; by these  sluices the  water can be drawn from near 
the surface. 

Sliding in  three grooves in  the  inside of the  tower  are six 
straining frames, carrying copper-wire  gauze strainers of thirty 
meshes to the  inch ; and outside  the  three  square sluices the 
water passes through a ;-inch wire  netting supported on iron 
cross-bars. The  upper  part of this  tower is partly  arched over so 
as  to  give  an  area of 286 superficial feet for convenience in  lifting 
the  strainers  working  the sluices, &c. The  openings between the 
arching  are covered with removable planking. 

A foot bridge of wrought  iron, 81 feet long  and 3 feet 6 inches 
deep, supported in  the  centre  by  an  ashlar masonry  pier, extends 
from the  top of the  embankment  to  the tower. 

The  syphon commences at  the bottom of the tower. It is 
2 feet in  diameter, 184 feet  long, and from 1 inch  to l+ inch in  
thickness. The  lip is 31 feet from the  top of the coping, and 
the  inner  end is commanded by a  sluice  valve, the spindle of 
which is prolonged upwards  and  terminates  in a cast-iron pillar 
on the  top of the tower,  from  which it can be worked. Between 
the  straining  tower  and  the  masonry of the old sluice the  pipe 
is carried on a semi-arch of rubble masonry, abutting at  one end 
against  the rock and  the foundation of the tower, and a t   the  
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other  end  against  the old sluice into  which it is built. The 
width of this  arch is 4 feet, and its upper surface is in steps faced 
with sandstone ashlar; on these  steps  ashlar blocks, 1 foot wide, 
carry  the  syphon, which is also inclosed in  rubble masonry. 

The wells (A and B) of the old sluice having been filled with 
concrete, and  the  openings  in  them  built up, the pipe is borne 
partly on sandstone blocks, and  partly on concrete and  the masonry 
of the old sluice. Walls of rubble masonry are so built across 
the  pipe  as  to  allow of the flanged joints  being surrounded with 
puddle, and  the  remainder of the pipe with concrete. 

The pipe passes through  an arched opening  in  the  pier  which 
supports  the foot bridge,  and  where it crosses the puddle trench 
it rests on a  masonry pillar,  which also carries the  end of the 
foot bridge ; on the outside of the puddle wall it is supported on 
the foundations of the  charging well. Between the well, B, of the 
old .sluice and  the  support  pillar of the bridge, the pipe is carried 
over the  opening of 16 feet on sandstone blocks resting on two 
wrought-iron rolled beams 1 foot deep, rivetted  together. Be- 
tween  the  pillar  and  the  charging well the  large pipe, 14 feet in  
length,  rests,  for  the  distance of 10 feet spanning  the  main  puddle 
trench, on  stone blocks supported on two  wrought-iron  girders 
8 inches deep. Down the back slope of the  embankment  the 
syphon is sustained on a semi-arch of concrete 5 feet in  width, on 
the  steps formed in  the  top of which are sandstone blocks, 1 foot 
wide, which  support  the pipe. Cross walls  are also provided, 
with  puddle  round  the  joints  and concrete  covering the  remainder 
of the pipe. At its lower end the pipe is curved vertically 
upwards  and covered with a semispherical cover, carrying one of 
Bateman  and Moore’s S-inch air valves-an arrangement  to  prevent 
air from the  main  pipe  entering  the  syphon  and  discharging  it. 
The  outer  end of  the  syphon  terminates  in a valve house, in  which 
are inclosed the  air  valve  and  two valves, 15 inches in  diameter, 
placed on a branch  which projects at   r ight angles from the syphon. 
One of these  valves  governs  the  supply  to  the  city,  the  other is 
arranged for scouring  out  the  straining  tower  and syphon, or for 
giving off surplus  storage  water for irrigation. 

The  crest of the  syphon is in  the  charging well, and  at  that 
point  the pipe is provided with a bra,nch 4 inches in diameter. 
This  branch is closed by  two  valves  with a gauge glass  between 
them;  the  upper  end of the  branch  having a funnel mouthpiece 
for  charging  the syphon,  when the  terminal  valves  are closed. 

The flanged joints of the pipe (Plate 2, Figs. 4 and 5 )  are secured 
by  eight bolts. A conical projection of 2 inches, carrying  an 
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india-rubber rope  washer,  fits  against  a recessed shoulder in  the 
corresponding  opposite  pipe ; the faces of the flanges are also pro- 
vided with flat  india-rubber  washers + inch  thick,  and  a  turned 
projection  and recess in  the corresponding  flanges.  The  joints 
were  made good with red-lead and oil ; and  the  thickness of the 
india-rubber  washer between the flanges  outside,  and  any  small 
,openings  round the bolt  holes,  as  well  as  inside the pipe at  the 
point of junction,  were  caulked  with  iron  rust  joint  cement,  after 
which the whole of the outside of the  joint  was covered with 
Portland  cement before it was  surrounded with  the puddle. 

Where  the  pipe crosses the puddle in  the trench,  great  care 
was  taken  to bed i t  firmly.  The  puddle was  allowed to  settle  after 
it had been worked up  during one whole monsoon and cold season, 
,say  for  eight  months; it was  then consolidated by repeated blows 
from a monkey  weighing 10 cwt.,  and beds  were  cut in it to receive 
the girders.  These  were filled with well-rammed  puddle to  prevent 
water  passing  along  them,  and  their  ends  were  set  in  neatly-fitting 
,sandstone  chairs run  in  with  Portland cement. For  a few  feet 
above,  and on each  side of the pipe, the puddle  was  worked  up 
softer than usual  to  prevent  its  clinging  to  the pipe. 

The  lift of the syphon,  from the  sill of the lowest  sluice in  the 
straining tower to its crest in  the  charging  well,  is 14- 55 feet ; and 
.as the  water in the reservoir  will  never be drawn  lower  than 5 feet 
above  that  level,  the  syphon  will  not be required  to  lift more than 
0 55 feet,  and at   this level the valves  in  the  valve house  would be 
5 2 feet  under  the surface of the  water. 

The  total cost of the outlet,  including  the  straining  tower, foot 
bridge,  charging  well,  and  valve house, was 28,935 rupees. The 
rates were,  for ashlar from 1s. to 2s. per  cubic foot, for  basalt 
rubble from 10s. to  16s. per  cubic  yard,  and  for  concrete 8s. per 
cubic  yard.  The  cast-iron  sluices,  valves,  .&C., were  obtained 
under  a  lump  contract. 

The new  waste  weir  (Plate 2, Figs. 6 and 7) consists of a  curved 
wall, 200 feet  long by 3 feet  thick, capped with ashlar,  protected 
,on  each  side  by training  walls 120 feet in  length.  The  water 
flows over the weir  into  a rock cutting,  which  for  the  first 150 
feet  has a fall of 1 in 45, converging  from 150 feet  to 60 feet  in 
width; from  thence the  inclination  increases  up  to 1 in 40. The 
sides of this  cutting  being  rocky,  little  masonry  was  required,  and 
the cost was  only 8,214 rupees. 

The  main  and  city  distribution pipes  work  under an  average 
head,  when the reservoir  stands a t  low  water, of from 30 feet  to 
60 feet. As  there  are few high houses in SBgphr,  this  pressure  is 
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considered sufficient, and  all  the  water is supplied on the  ground 
level. The service is almost entirely a public one, the  water 
being  given off from self-closing standards, at  intervals of about 
100 yards  along  the  streets,  only a  few-houses being as yet sup- 
plied with  private  taps  or cisterns. Fire-cock air valves arc also 
placed a t  every 100 yards  apart. 

The cast-iron piping was  supplied by Messrs. R. Rfaclaren and 
Co., of Glasgow, a t  rates of 70 rupees 12 annas to 72 rupee6 
S annas  per  ton delivered in  Bombay;  but  the  railway  carriage 
raised the cost to  an  average of nearly 117  rupees  delivered in  
KBgpfir. The  contract for the pipes was signed  in KBgp6r on the 
1st of February, 1871, and  the first  consignment was received on 
the  15th of the following July, it having been shipped vi6 the 
Cape of  Good Hope. 

The  total cost of the works, including  engineering expenses, a 
bungalow at  the  reservoir for the  engineer in charge,  and a road 
23 miles in  length  to NBgpfir, was 395,320 rupees, or say ;E30,000, 
representing a rate of 9s. 5d. per head, or 231,500 per million 
gallons supplied  per day. This does not, however, give  a  perfectly 
correct  idea of the cost, as a portion of the  embankment previously 
existed, and  about 10,000 yards of additional  distribution pipes are 
still required to  bring  the  supply up to a European  standard. 

The work was executed under  the Author’s  supervision, partly 
by petty contractors, partly  by  day  labourers;  many prisoners 
were also employed, the  jail  authorities being paid for their  labour 
by piece-work, at  the  rates accepted by the  petty contractors. 

THE IXTENSITY O F  RAINFALL AND THE PROPORTION BI.OWING FROX 
THE GROUND AS OBSERVED AT N ~ G P ~ R .  

Although  the  general  fluctuation of rainfall in  India is similar 
to that  in  other  parts of the world, yet it has  certain well-marked 
peculiarities. The first of these is, that  the  greater  part of the 
annual  rainfall is confined to a few months during  the south-west 
or  north-east monsoons; secondly, that t.he greater  part of the  year 
is almost  rainless, and  thirdly,  that  during  the  wet  months  the 
rainfall is much more intense  than in temperate countries. To 
take  two well-known cases on record, a fall of 23$ inches in 
twenty-four  hours  has been measured a t  Rladras, and on another 
occasion a depth of 14 inches in  twenty-four  hours was  gauged at  
Bombay. 

In   the  Appendix, Table I I . ,  page 23, gives  the  details of certain 
extraordinary showers  which came under  the Author’s  observation 
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a t  Ktigphr during  the monsoon of 1872. The showers range from 
0 .5  inch  in  depth  up  to 3 .92  inches, and  the  rate of fall or  intensity 
from 0.163 inch  to 4 .733  inches  per hour. The  rainfall, noted in 

, Table II., is the  average of three gauges placed within  the catch- 
ment  area of the AmbAjhari reservoir, The  quantity of water dis- 
charged from the  area of 4,221 acres  was measured by  noting  the 
amount  and  the  time of rise of the  water  in  the reservoir.  These 
showers produced a flow varying from almost nothing, in  the case 
of the shower of 2 * 24 inches in one hour  and  twenty  minutes on 
the  18th of June,  up  to a discharge of 33,160,380 cubic feet due 
to a fall of 2 2 inches in  one hour  and  twenty  minutes on the 
16th of September.  These  facts  prove  to what an extreme  state of 
dryness  the soil in  India is reduced at  the  end of the  hot season, and 
how  saturated it becomes after heavy rain  later on in  the monsoon. 
In  the  last  column of Table 11. is given  the proportion of the 
rainfall of the  various showers which flowed from the  ground  in 
the  times  noted  in column 6. From  this it will  be seen that, of 
the 2 -  2 inches on the  16th of September, 98 per  cent. entered  the 
reservoir within  two  hours  and  fifty minutes. 

The consideration of the above remarks  nat,urally leads t o  the 
question, What percentage of the  total  annual  rainfall flows from 
the  ground  and  can be impounded? Almost every drainage area. 
has, in  this respect, peculiarities proper to  itself,  but  the  Author 
will confine his  remarks to the facts observed at  NQgphr;  and  as 
there  are  two  peculiarities which he  thinks  will be  found common 
to most cases in  India,  he wishes first to  invite  attention  to 
them. 

It will  be noticed in  Table I. that  the  arerage  annual  rainfall  at 
NAgpir is 40 - 73 inches, of which 37 * 5 2  inches fall  in  the monsoon, 
and 3.21 inches in  the  dry season. Eut no dependence can be 
placed upon this  latter  quantity  as a means of water  supply, for 
careful  observations have failed to detect  any  part  as flowing from 
the  ground  into  the reservoir. And, secondly, to such  a state of 
dryness is the  ground reduced in  the commencement of June,  that 
a large  portion of the first  showers of the monsoon are  either  ab- 
sorbed or evaporated, and  but a small  portion flows from the 
ground.  The consequence is that  the records of the discharge of 
the  drainage  area  are confined to about  four  months, and when 
plotted form a  curve, owing  to  the proportion  which is discharged, 
commencing a t  zero at  the  beginning of t,he monsoon and  gradually 
increasing  as  the  rains continue.  These  facts render  the  study 
of the  subject  much more simple for NStgphr than for places in 
England ; because the observations of each pear commence under 
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the same circumstances, and  as it were from a common datum or 
point of departure. 

The observations on the discharge of thc AmbZjhari drainage 
area  (Plate 3) extend over the monsoon months of the  years 1869 
and 1872. Commencing with 1869, from the  17th of June  to  the 
31st of July a depth of 12.76  inches of rain  was gauged ; the 
quantity of water  that flowed from the  ground, being about 
19,600,000 cubic feet, showed that  only 1-25  inch  had passed off, 
which  gives  about 90 per cent. as  either evaporated or absorbed. 
The rainfall for August  was 9 * 61 inches, of which  the proportion 
discharged  was 35 per cent., and for  September it was 7 *41 inches, 
of which 44 per cent. flowed from the ground. Up  to  the end of 
each month  the  total effects were-June and  July  as above quoted; 
June,  July,  and  August, 22 37 inches of rain,  and a  discharge of 
20 per cent. ; up  to  the  end of September, 29 * 79 inches of rain, 
and a discharge of 26.8  per cent. I n  1872 the proportions  were, 
for 6 * 77 inches  in  June  the  amount discharged  was 4.7 ,per  cent. ; 
for 1 2  70 inches  in  July, 22 * 7 per cent. ; for 11 * 82 inches in  
August,  55.8 per  cent. ; for 7 99 inches in September, 74.4 per 
cent. ; and  after  an  interval of dry weather, for the  4.37 inches in 
October, 39.4 per cent. 

The  result  was  that  the  total  discharge increased as follows: 
for June 4 . 7  per cent. ; up  to  the end of July 16 per cent.;  up 
to  the  end of August 31 per cent. ; up  to  the end of September 
40 per  cent.;  and at   the end of October it still remained a t  
40 per cent. In  Plate 3 the  horizontal measurements  represent 
inches of rainfall,  and  the  vertical ones the percentage which 
flowed from the  ground  into  the reservoir.  Hence it can be ascer- 
tained  what  the discharge of the  drainage  area  will probably  be 
for  different depths of rainfall,  as  the proportion absorbed will 
depend, all  other circumstances  being  equal,  on the  depth of the 
rainfall.  Thus, for an  average season’s fall, or  37-52 inches, 
38 per cent. may be expected, or 1425 inches, equal  to 217,120,000 
cubic feet. I n  a season the  fall of which  was  that of the  average 
of the  three  driest consecutive years, or 30 inches, the  discharge 
would  be about 28 per cent., or  say 8.4 inches. This would 
yield 128,000,000 cubic  feet, and  in a year such as 1868, the  driest 
on record, when  the  amount  was 19  28 inches, about  15 5 per 
cent., or 3 inches would flow from the  ground  and  yield  only 
46,000,000 cubic feet. These calculations deal  only  with  the flow 
from the  drainage area. But  the  actual  quantity of water  that  can 
each  year, without fail,  be  utilised, depends not  only upon the 
fluctuation of the  rainfall,  and  the proportion which flows  off the 
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ground,  but also upon the qapacity of the  reservoir.to  store  and 
modify the fluctuations. 

To  render  this  matter  as clear as possible, the  Author  has worked 
out, from the  diagrams  (Plate 3) and a  revised  twent,y-years'record of 
rainfall,  Table 111. (page 24), which shows what proportion of each 
year's fall would in  all  probability  haw flowed off ihe ground, and 
also the  actual  depth  in  inches  and  quantity  in cubic  feet  discharged 
in former years.' Taking  this  as a  basis of calculation, nine  different 
cases have been assumed of reservoirs with  varying capacities, 
affording  different amounts of annual  supply.  Each case has been 
carefully  tabulated on the common system of supply  and demand, 
to  indicate  what  amounts of the  water flowing off the  drainage 
area could be used, or how  much  would be  wasted;  and also what 
would be the  minimum  storage  in  the reservoir at any  time  during , 

the  twenty  years  under review. The  results of these  calculations 
are  given  in  Table IV. Tables 111. and IV. show that  the pro- 
portions between the average,  maximum,  minimum, and  the  three 
consecutive driest years' rainfall do not correspond with  the 
equivalent proport'ions in  the  yield of the  drainage area. Thus  the 
minimum rainfall is 52 per cent. of the  average,  while  the  mini- 

' mum  yield of the  drainage  area is only 23 per cent. of its average 
yield. In   the same way  the yield of 37 inches, an average year's 
fall,  would be 38 per cent., and  give 215,280,000 cubic  feet;  but 
the  average  yield of the  drainage  area is only 204,520,000 cubic 
feet. This  matter  requires  attention,  as  the  working  out of 
Table  IV. will show, where  the  storage  and  the  supply  are  given 
in  terms both of the  rainfall  and of the yield o f  the  drainage area. 

It will  be seen  from Table IV. that  the present reservoir, with 
Q capacity of 240,000,000 cubic  feet,  can store 117 per cent. of 
the  average yield, or 106 per cent. of the  average  rainfall;  and 
that it can  supply from 120,000,000 to 140,000,000 cubic feet per 
annum,  which  represents from 58 per cent. to 68 per cent. of the 
average  yield,  and from 77 per cent. t o  82 per cent. of the  rain- 
fall. The  average  annual  waste is from 84,000,000 to 62,000,000 
cubic feet, and  the  smallest  storage  in  any  year is equal  to from 
fifteen up to  one hundred  and  forty days' supply,  according  to  the 
quantity used. To afford a supply o f  180,000,000 cubic feet, o r  
88 per cent. of the  average yield, and  95 per  cent. of the  average 
rainfall,  the case marked No. 9 shows that  the reservoir must  store 
340,000,000 cubic  feet,  a quantity  equal  to 150 per cent. of the 
average  rainfall  and  to 166 per  cent. of t,he average  yield of the 
drainage area. The  number of days' supply  which i t  is necessary 
to store vanes from six hundred and fifty-six up  to  seven  hundred 
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and  thirty  among  the cases cited,  but for perfect  safety the reser- 
voir  should  contain  two  years’  supply. 

The  quality of the  water  discharged  by  the  drainage  area is 
shown by  the  following  analysis, made by the Chemical  Examiner 
to  the  Government of Bengal in 1865 :- 

I n  70,000 G~ains  :- 

Solid  residue . . .  
Organic Matter . . 
Silica . . . . .  
Carbonate of Lime. . 
Carbonate of Magnesia 
Chloride of Sodium . 
Sulphate of Soda . . 
Carbonate of Soda . 

Cm. 
. . . . . . .  6.9 . . . . . . .  1 - 8  
. . . . . . .  0.6 . . . . . . .  1.41 
. . . . . . .  1.59 
. . . . . . .  0.42 
. . . . . . .  a  trace . . . . . . .  1-08 

That sample  was  taken from the old tank,  but as the area  and  the. 
depth and capacity of the  reservoir  are now largely  increased, the 
probability is  that  the  water  is  purer. 

EVAPORATION. 

In India  a most important  matter  for  consideration is the  
amount of evaporation.  Not  only  is a large porhion of the  actual 
rainfall  thereby  lost before it flows off the ground during  the 
monsoon months,  but  a  large  quantity is evaporated  from the 
surface of the reservoir during  the long,  hot,  and dry season, 
extending from October to  June.  During  this  time no portion of  
the average  rainfall of 3 -21 inches flows off the ground,  althougll 
the  actual  surface of the reservoir is raised  by  the  rain  which 
falls upon it. 

T o  determine the  quantity evaporated  from the surface is  a 
matter of difficulty. But  the  Author  during  the  dry season of 
1872-73 attempted,  by  carefully  observing  the  level of the  water 
in  the reservoir,  and  by  comparing  the  result  with  the  existing 
meteorological  circumstances, to  estimate the amount.  The  result 
is  given  in  Table V. It will be observed  from  column 2, that  the 
total loss of water  from  all causes during  the  dry season of two. 
hundred  and  forty-two  days,  extending from the  10th of October, 
1872, to the  9th of June,  1873,  was  a  depth of 7 feet,  or a t  the 
average rate of 0.0289 foot per  day. This  at once disposes of t he  
large  amounts of 8 feet,  and even  10  feet,  sometimes  asserted to be 
the evaporation in  India  during  the  dry season. From columns 5 
and 8 it will  be seen that  this diminution  varied  from 1 foot in, 
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twenty-two  days,  or 0.0454 foot per  day, to 1 foot in  forty-two 
days, or 0.0238 foot per day,  and  that, commencing with a diminu- 
tion of 0.0286 foot in October and November, it fell to 0.0238 foot 
in  December and  February,  rising  to 0 9 0454 foot in  April  and May, 
and  finally  declining  to 0 * 0303 foot during May and  June.  The 
Author believes that  this wave-like rise  and  fall  in  the  total loss to 
the reservoir is due  to  the increase and decrease of the evaporaticjn, 
and  this is confirmed by  the meteorological  observations in column 
15. These  show that when the comparative humidity of the  air 
was  least  the  diminution was greatest,  as  during  the period from 
the  15th of April  to  the  7th of May, and  that  when  the  air  was 
most humid,  during December and  February,  the  diminution  was 
least. It will be noticed that  the period of maximum loss occurred 
when  the comparative humidity  was  the  least recorded, viz., 0.37. 
Columns 12, 13, and 14 prove  that  the  greatest loss of water does 
not occur when  the  temperature of the  air is greatest; for both 
the maximum and  the mean temperatures were less during  April 
and May, and  the maximum evaporation in April,  when  the  total 
loss varied from 0 * 0498 foot to 0 ~ 0 4 5 4  foot per  day, was  less 
than  during May and  June,  when  the  temperature was highest,  and 
the loss was only 0.0303 foot per day. The  temperature of the 
water a t  a depth of 5 feet below the surface generally agreed, 
within l', with  the mean temperature of the  air;  thus  in  June it 
varied from 90" to 92"; and on the  24th of May, 1873, the tem- 
perature of the  water flowing in  the  river  Kanhan was 96' a t  

It is believed that a near  approximation  to  the  quantity of water 
evaporated,  out of the  total  daily loss shown in column 7, will 
be  arrived a t  by  deducting 200,000 cubic feet per  day for the 
quantity used in  the  city,  and for soakage through  the  ground 
on  which  the reservoir stands.  This is the basis of calcula,tion in  
the  quantities  and  depths  stated  in columns 9 and 10, in  which 
the  amounts of evaporation vary from 163,357 cubic  feet, and 
0.0107 foot up  to a  maximum of 506,350 cubic  feet, or 0.0357 foot 
per day. From  the figures given  in column 10 it is found that * 

the evaporation amounted  to 3 - 75 feet, but  to  this  must be added 
3 inches of rainfall,  registered  in  various  small showers from 
October to  June ; so that  the  total  depth  evaporated  may  be  taken 
at 4 feet, which,  distributed over the  two  hundred  and  forty-two 
days, gives an  average of 0.0165 foot, or 0.198, say 6 inch  per day. 

The importance of the  question of evaporation to  the reservoir 
a t  Nhgp6r may be inferred from  columns 3 and 6. The  total loss 
of water  during  the season amounted to 104,180,000 cubic  feet, 

9 -4.N. 
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out of which, by  the above calculation, 55,781,000 cubic feet were 
evaporated, leaving only 48,399,000 cubic feet as used or absorbed ; 
in  other words, of the  total  quantity  lost  to  the reservoir during  the 
dry season the proportion  evaporated  was 54 per cent. 

FLUCTUATIOK OF RAIYFALL IN IXDIA AXD IN OTHER PLACES. 

I n  designing reservoirs, not only  should the amount of annual 
rainfall be considered, but  the fluctuations to which it is liable. 
I n  England  the question has  long received careful study,  and 
certain  rough  approximate  rules have been arrived  at, so that 
an idea  can be formed of the  variations  to which the mean annual 
quantity is subject. I n  designing these works, however, the  Author 
had some difficulty in deciding on this  matter, as it was his  first 
work  in  India,  and  as it was said that  rules good for England 
were  inapplicable to  the tropics.  Accordingly, the  Author  was  led 
to  analyse  the records of rainfall a t  Calcutta, Madras, Bombay and 
NQgphr, at  the same time  comparing  them  with  the records kept 
for longer or shorter periods in other places in different parts of 
the world. The results, with subsequent  additions, are epitomised 
in  Table VI. To arrive at a common standard of comparison, 
the mean annual  amount of rain  has been adopted, and  in  doing so 
care has been taken  to  admit no records which  do not  extend over 
at least nineteen  years. In  all cases this mean annual  amount, 
varying  as it does from 16 -44 inches at  Prague  to 76 -80 inches a t  
Bombay, is  taken as unity;  and  the proportions above or below 
are expressed as  unity  plus a decimal part,  where it rises above 
the mean annual amount, or a decimal part of it where it falls 
below. 

The  points  which  have received attention  are  the percentages in 
the  number of years whose rainfall  is above or below the  average ; 
the  average  fall of all  the  years when the  rainfall rises above the 
average,  and  when it is below i t ;  the  average  rainfall of the 
three  driest consecutive years ; the maximum and minimum yearly 
rainfall,  with  the  range  or  extreme difference ; the  number of 
periods of three consecutive years of rainfall below the average 
which  may  be expected from the records to occur in every hundred 
years;  the  greatest  number of consecutive years in  which  the  fall 
of rain is below the  average;  and,  lastly,  the average rainfall of 
the  greatest  number of consecutive years below the average. 

By  working  out one case, the modus operandi will be understood, 
and  an opinion  can then be formed OF t.he value  to be attached  to 

[1874-75. N.s.] C 
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the Author's  deductions. For  this purpose  Galcutta  is  selected. 
The average  annual  rainfall for thirty-seven  years, from 1836 to 
1872, is 66 * 75 inches. During  this period there were  sixteen  years 
when  the  rainfall was  above,  and  twenty-one  years  when it was 
below the average, giving percentages of 43 and 57 respectively. 
The average  fall of rain in the sixteen  wet  years  was 77.47 inches, 
which,  expressed in terms of 66 * 75, the mean annual  fall con- 
sidered as  unity,  is 1 - 16. In  the same way  the average  fall of 
rain  in  the twenty-one dry years  is 58 - 6  inches,  or 0 *88 of the 
mean annual fall. The  average  fall of the  three  years 1836,  1837, 
and 1838, all of which  were dry, was 47.33 inches,  or 0 71 of 
66.75 inches  considered as  unity.  The  wettest  year on recordwas 
1871, when  the  fall was 93.31 inches ; and the  driest 1837, when 
it was  only 43.61 inches.  These  quantities,  reduced to terms of 
the general  mean  average,  give 1 * 4 and 0 * 65 respectively,  and 
the difference between them  is 0.75. 

During these  thirty-seven  years,  t,here  were six periods of three 
consecutive  years  each when  the  average  rainfall was below the 
mean, viz., 1836-38,  1839-41,  1843-45,  1851-53,  1856-58, and 
1865-67 ; therefore, in  the same  proportion, 16 - 2  such  periods 
may be anticipated in every  hundred  years. The  rainfall of each 
of the  six years, 1836-41, was below the general  mean,  and  as 
the average of those six  years  was 54.44  inches, it is expressed 
as 0.83 of the general  mean 66.75 inches. 

Table VI., with its record of fourteen places situated in  every 
quarter of the globe, the observations at  which  extend  over  periods 
varying from  nineteen to  sixty years,  shows a similarity in  the 
results  obtained,  notwithstanding  the differences of climate, geo- 
graphical position, and  the  varying  amounts of the mean annual 
rainfall. A perfect  agreement  cannot  be looked for, but  the  nature 
of the fluctuations is  the same, and it may be expected that,  as 
rainfall observations are extended, the difference will become better 
understood. In the majority of instances, the  number of dry years 
exceeds the  wet ones in  the proportion of 54.2  to 45.8,  the  greatest 
divergence  being 7 -8  per  cent., in  the case of New Bedford, U.S. 
With  regard to the average  fall of all  the years  when the  rain 
is  in excess, the accordance is  very  striking,  the average  being 
1 19, and  the  greatest difference, in  the case of Madras,  only 
amounting  to 9 per  cent.  Again, the proportion of the  fall  ofthe 
years  when the  amount is scanty  is 0.83,  or within 6 per  cent, 
of Madras  and Hobart  Town,  the  two extreme  results. For 
the period of the three  consecutive driest years, the average of 
all  the observations is 0.76,  and  the  greatest divergence from 
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this  is  in  the case of ;\Iadras,  where it amouilts to 11 per  cont. 
Taking  into consideration the maximum  fall, the average of all 
the cases being 1 * 5 2 ,  the greatest difference is 30 per  cent. at 
Madras. I n  like  manner  the  average of the minimum  fall is 0 e 5 9  ; 
the greatest  departure from which  is  again at  Nadras,  where it 
is 21 per  cent. Thus,.as  the  average  range  is 0.93, it differs  from 
Madras by 51 per  cent ; but  in  the case of maximum  and  minimum 
falls, it must be remembered that  the records are for  single  years 
of the greatest  known  extremes,  and  a  perfect,  accordance  is  not 
to be  anticipated.  The  general  average of the periods of three 
consecutive yeam’ rain below the mean, which  may occur in every 
hundred  years,  is 20.3, the greatest  difference.  being at Calcutta, 
where it is 16.2. 

In the various cases recorded,  periods of from nine consecutive 
years  downwards  have occurred, in  all of which the  fall of rain 
has  been below the average. This  is a matter  which does not 
allow of an average  being struck;  but it is a guide to  what  may 
occur. The mean fall of the greatest  number of consecutive dry 
years  agrees  almost  exactly with  that of all the  years below the 
average,  and the general  average of all  the cases in  the  last column 
is 0.82, within 1 per  cent. of the  general mean of all  the  years of 
minimum  fall.  The  Author does not  wish, from the foregoing 
remarks, t o  be regarded as advocating  a  strict  rule  to be applied 
in  all cases, or as  urging new  views on the subject, but merely as 
directing  attention  to  certain  general  and broadly-marked  features, 
common to  all  parts of the world ; and  particularly  as  pointing 
out  their  applicability  to  India,  notwithstanding  the  other pecu- 
larities of the rainfall in  that country.‘ 

1 No inquiry  likely  to throw light on the  investigation of this  important  subject 
should, however, be neglected. The  mu,  as  the  great source of light  and  heat, 
is the principal  agent  in producing rain. Were t l~ is  not capable of proof  on other 
grounds, the results  in  Table VI. would lead the mind to look for a  single force 
continually  acting on all  parts of the globe, to produce the  general uniformity 
there observed. 

During  the  past few years it  has been suggested that  the periods of fluctuation 
of the spots on the sun’s disc beer  a relation to the fluctuations of rainfall, similar 
to those which have been demonstrated  in  the case of terrestrial magnetism. To 
test the  truth of this  statement,  a comparison was instituted between the fluctua- 
tions in  the rainfall at  the fourteen places referred to i n  Table VI., and  the solar 
spot periods from Schawbe’s observations, as given by Proctor, from 1826 to 1869. 
The  latter  included four periods of maximum spot frequency, viz., 1828-30, 
1836-38,1847-49, and 1859-61 ; and four periods during  which the sun’s disc was 
almost free from spots,  viz., 1832-34,1842-44, 1854-56, and 1866 and 1867. No 
satisfactory result or accurate  deductions  can be drawn from this  test ; but  during 

c 2  
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CONCLUDING REMARXS. 
In conclusion thc  Author would suggest  to  the younger men]- 

ben3 of the profession who wish  to  enter  the  Public Service in 

the period when the spots are  about  a maximum, great fluctuations in rainfall 
occur, principally, but  not  without  many exceptions, in  the direction of an excess 
above the mean annual  fall ; and  during  the  time when the sun is least obscured, 
the fluctuations approach near  to  the  average or fall belom it. Moreover, a  longer 
period elapses  during  which  the  spots  are fewer than when the obscuration is 
great.  The proportion is  as 38 to 62; which corresponds, as will be seen in 
Table VI., to within 8 per  cent. of the average of the percentages in  the numbers 
of the years which rise above or fall below the average, and is in agreement 
with  the cases of Barbadocs and New Bedford. Taking now these proportions 
of the spot curve, 38 and 62, and comparing them  with the average amount 
of the fall of years above and below the mean, which  is shown in  Table VI. 
to be 1.19 and 0’83, and which are  to each other  as 59 to  41, they  are almost 
complenients of each other ; thus 38, the proportion of the spot curve correspond- 
ing  to  the maximum, added  to 59, the proportion of the rainfall  in  years above 
the average, is equal  to 97;  while 62, the proportion of the spot curve cor- 
responding to a minimum, added to 41, the proportion of the rainfall in  years 
below the average, is equal  to 103. From  Table VI. it appears that  the avernge 
number of periods of three consecutive dry years per hundred years is 20’3; that 
is, at  distances apart of 4.92 years, agreeing,  within 8 per cent., vith  the half 
of the ten-year period, which, according to Schawbe’s observations from 1826- 
69, separates the fluctuations of the solar spots. Table VII. is a statement of 
the rainfall  in  inches,  at  the fourteen places in Table VI., during  the three- 
year maximum and minimum sun-spot periods from 1828-67. If  the sun-spot 
periods do affect directly the fluctuation of rainfall,  this  Table should show an 
increase and decrease in  the  total amounts of rainfall  during  the three-year 
maximum and minimum sun-spot periods ; but no such wave-like rise  and  fall  in 
the  amount of rain is found, for any long period, through  any one series, excepting 
in  the case of Prague;  all t,he other cases, with  slight exception, being .more or 
less confusing. Turning now from individual cases, to the consideration of the 
sum of the  results of Calcutta, Bombay, Madras, Greenwich, and Prague,  extend- 
ing over the  six periods from 1836-67, as given in Table VIII., the average total 
fall is 659.23 inches;  a comparison of this  amount  with  the  actual  total  falls 
does not show an approach to a satisfactory result, except in  the four latter periods, 
extending from 1847-67. But  it is onlyin  the case of the seven places in  Table IX. 
which  extend over the four periods from 1847-67, or that of the niue places in 
Table X., extending  only over the three periods from 1854-67, that  there is 
any  approach to a wave-like rise and  fall in  the amount of rain, corresponding 
with  the maximum and minimum sun-spot periods. I n  the  present  state of 
knowledge of the subject,  the connection between sun-spot periods and the 
amount of rainfall is not capable of demonstration ; and  even. assuming the 
results of the  short periods dealt  with  in Tables IX. and X., and  the last four 
periods in  Table VIII., to represent the amount of the fluctuation due to the 
soh-spot periods, yet it is so small  (the  extreme average fluctuation amounting 
to only about 13 per cent.) that, when compared with  the  other  larger  and well- 
established fluctuations shown in  Table VI., it  may for professional purposes 
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India,  that  in a  project,  such as  this,  they may be called on not 
only  to  prepare  the plans,  sections,  working  drawings, and spe- 
cifications, but also to  study  great  natural  laws  in  the  general 
design;  and  during  the  construction of the works they  will  not 
have  the assistance of the trained  staff of a large contractor, but 
may  have to arrange,  prepare, and work all  the necessary plant 
and organise  the workpeople. A knowledge of accounts is  a 
most useful  acquisition ; in  India  this  is almost  indispensable, 
as nearly  all Government  engineers  have  to  keep their own 
accounts  and receive and disburse the money expended on the 
works. But  the most important  matter  for special attention 
in  carrying on their  duties  will be, the exercise of careful  personal 
supervision of every  detail of construction, and of all  the  materials 
with which  they have to  deal: for the  subordinate inspection 
at their disposal  is not of the  highest class,  nor is it implicitly to 
be relied  upon. 

The communication is accompanied by a series of drawings  and 
diagrams, from which  Plates 1 to  3 have been compiled. 

be neglected.  Possibly  the mode of investigation  adopted  by the  Author may 
not  be the correct  one: it may be that  the effect produced  by the sun’s  action is 
not  contemporaneous  on all  parts of the  globe; yet it is difficult  after an inspec- 
tion of Table VI., and considering the vast forces a t  work, to  think  that such is 
&he case. The  Author does not  feel  justified, from the  result of the above 
investigation,  and  with the materials at present a t  his  disposal, in drawing  other 
or more exact  deductions;  but  he hopes the  subject  will  receive  the  attention it 
merits from those  better  able  to  deal  with it than himself. He is, however, 
of  opinion that attention  should in all cases be directed  to  general fads, and  the 
mind be withdrawn from too close a study of variations  within  limited  areas, BS he 
conceives it will be easier  to work from  well-ascertained  principles, common to the 
whole world,  down to  the  details of particular  countries,  rather than  the reverse. 

[APPENDIX. 
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TABLE III.-PI~OBABLE DISCHARGE of WATER from the  DIIAIEAGE  AREA of 4,224 
acres, as deduced from the  diagrams  (Plate 3), and  the EAISFALL RECOIW 
for each YEAR from 1854-5 to 18523. 

Date. 

1854 . . . . . . .  
1855.  . . . . . .  
1856 . . . . . . .  
1857 . . . . . . .  
1858 . . . . . . .  
1859 . . . . . . .  
1 8 6 0 .  . . . . . .  
1861 .  . . . . . .  
1 8 6 2 .  . . . . . .  
1863. ~ . . . . .  
1864 . . . . . . .  
1865 . . . . . . .  
1866 . . . . . . .  
1867 . . . . . . .  
1868 . . . . . . .  
1 8 6 9 .  . . . . . .  
1870 . . . . . . .  
1871 . . . . . . .  
l572 . . . . . . .  
1873 . . . . . . .  

Average . . .  

Nonsoon 
Rainfall. 

-- 
inches. 

45.40 

24.04 

44.33 

33.46 

31.87 

20.48 

44.50 

40.89 

43.26 

3i.46 

28.96 

38.16 

41.01 

53.72 

19.28 

32.11 

37.34 

44.85 

48.65 

24,25 
-- 

37-00 

'roportion 
Flowing 

Ground. 
from 

0.400 

0.215 

0.400 

0.345 

0.315 

0.285 

0.400 

0.400 

0.400 

0.350 

0.280 

0.388 

0.400 

0.400 

0.155 

0.320 

0 380 

0.400 

0.400 

0.217 
-- 

.. 

Flowing 
Depth 

fro111 
Gruund. -- 

inches. 

10.36 

5.17 

17.73 

11.54 

10.04 

s.40 

17.SO 

16.36 

17.30 

14.24 

8.11 

14.51 

1G.40 

21.40 

3.00 

10.27 

14.19 

17.04 

17.4G 

5.26 
-- 

13.343 

I 

brainage Area. 
Pie16 of the 

--- 
cubic feet. 

296,240,000 

79,120,000 

272,320,000 

156,610,000 

154,560,000 

128,800,000 

272,320,000 

250,240,000 

264,~60,000 

218,960,000 

125,120,000 

226,320,000 

252,080,000 

329,360,000 

46,000,000 

158,240,000 

217,120,000 

274,160,000 

266,800,000 

SO, 960,000 

204,516,000 

NOTE.-The rainfall of the years 1872 and 1873 differs from that given in 
Table I., since in 1871 the  rainfall  has been gauged at Ambkjhari, 3 miles 
from Xipplir. 
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TABLE vIr.-RAINFALL during the 

IIlaximum. 11 Minimum, 
1828-30. 1832-34. 1 1  135638. 

Maximum, 

Place. Average. ~ ~~~ __ 
Totals. - 

L41.99 

i03.35 

146.27 

.. 

.. 

.. 

.. 

.. 

.. 

134.98 

87.30 

71.90 

106.80 

51.2f 

Inches. 

Inches. 

66.75 Jalcutta . . . . .  .. 
121.98 
65.65 
71.86 
37.89 

32.43 
36.87 

Bombay . . 76.80 
S7.09 
64.58 
50.781 
44.68 
49.26' 
52.33! 

.. 

.. 

.. 

.. 

.. 

.. 
27.57 
65.51 
41.90 
30.80 
25.10 
31-40 
27-10 
21.00 

. 23.80 

34.70 
38.10 

34.00 
16.63 
18.63 
16.00 - 

107.19 

.. 

Kadras . . . . . .  4S.60 

Ykgpdr . . . . .  

Hauritiua. . . . .  

Barbadoes . . . .  

Adelaide . . , . . 

Hobart TOWI . . .  

Cape Town . . . .  

Ney York . . . .  

Rome . . . . . .  

Greenwich . . . .  

.. .. 

.. 

.. 

.. 

.. 

.. 

.. 

34.30 
18.00 

28.60 

25.20 
27.2C 
36.0C 
58.1C 
57.5c 

31.5a 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

42.95 

56.07 

21-80 

22.71 

24.21 

42.77 

30.18 

25.04 

l :  .. l .. , .. 

.. 

.. 

.. 

61.80 

cil.90 

121.80 

40.36 

l 

.. 

.. 

.. 
22.80 
26.00 
13.00 
19.30 
23.00 
19.60 

37.90 
43.80 

40.10 
10.88 
19.35 
10.15 

.. 

.. 

.. 

80.90 

83.90 

151.60 

.. 

New Bedford, U.S. , . 

Prague . . . . .  
41.40 

16.44 
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MAXIMUM and MINIXUX BUN-SPOT PERIODS. 

IIinimum, Xaximum, // Minimum, 11 Maximum, 1 1  Minimum, 
184244.  l /  1847-49. 1854-56. 1859-61. 1865-67. 

Jnchcs. 

76.11 

73.86 
63.34 

59.27 
95.16 

36.48 
50.28' 
65.36; 

65.40, 

.. 

20.32 
17.19 
16.88 I 
23. 60 
13.43 
26'25 1 
26.27 
24.82 
18.78 I 
32.98 
I1 '37 
36.38 1 
32.90 
21.30 
30'60 l 
22.60 
24.60 
14.90 l 
34.60 
15.00 
36. 20 

l 

.. 

.. 

-. 

54.39 

63.28 

69.87 

110.73 

50.71 -11 16.981 
23'36 

23.68 ~ 15.80 

. - 

~- Inches. Totals. 

68.66 
52.61 210.46 
89.19 1 
81.84 
74.65 262.57 

106.08 1 
37.18 

I-. - 
Inches. 
-- 
l 

61.58 
65.74 
72.73 
73.46 
92.39 

41.86 
51.39 
24.37, 

73 .67 ,  

-~ 

Totals. -- 

200.05 

239.42 

117-62 

132.89 

101.27 

.. 

.. 

68.89 

60. S4 

.. 

.. 

87.20 

.. 
45.30 
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TABLE IX.-RAINFALL at SEVEN PLACES during the FOCR &f.laxxa~~x and B1rsnfn.r 
SUN-SPOT PERIODS, from 1547 t o  1867. 

Place. Maximum,  Minmmm, 
1847-49. 1 1 8 5 k t i .  

Calcutta 1 66.75 

Hobart Town . . 1 22.71 1 71.59 71.54 
175'56 I 122'51 Madras . . .  . 1 48.60 
259.61 195.97 Bombay . I . . . ~ 76.80 
201.56 i 201.16 

inchec;. inchrs. inches. . . . .  

Cape Town . , . 24.21 
Greenwich . , . 25.04 
Prague . . . .  I 16.44 

ErIasimum, 
1859-61. 

210.46 
262.57 
119.96 
72.55 

inches. 

91.28 

56.14 1 49.16 ~ 56.38 

+ Minimum, 
1865-67. 

inches. 
-- 

200'05 
239.42 
117'62 
68 89 
60.84 
87'20 
45-20 

S19.32 
-- 

Difference above or below the +Co. 52 ~ - 79. 45 
Average Total . . . .  , 

i +45.51  -26.57 
i l 

~ 

TABLE  RAINFALL at NINE PLACES during the THREE MAXIMUM and MINIMUX 
SUN-SPOT PERIODS, from 1854 to 1867. 

Place. 

Calcutta, . . . . . . .  
Bombay . . . . . . .  
Madras . . . . . . .  
Nkgpfir . . . . . . .  
Mauritius . . . . . . .  
Hobart Town . . . . .  
Cape  Town . . . . . .  
Greenwich . . . . . .  
Prague . . . . . . . .  

Total and Average Total . 
Difference above or below t 

l 'i 
he 

Total . . . . . . . . .  J 

Average. 

inches. 
-- 

66.75 
76.80 
48.60 
37.53 
42.95 
22.71 
24.21 
25.04 
16.44 

1080.69 

Average1 

Minimum, 
1854-56. 

201.16 
195.97 
122.51 
116.77 
128.34 
71.54 
64-10 
62.00 
49.16 

1011.55 

inches. 

-- 

-69.14 

Maximnm, 

-- 1859-61. 

inches. 
210-46 
262.57 
119.96 
114.87 
170.77 
72.55 
91.28 
78.20 
56.38 

1177.04 

+96*35 

-- 
-- 

IIlnimum, 
1865-67. 

200-05 
239.42 
117.62 
132. S9 
101.27 
68.89 
60.84 
87.20 
45.30 

inches. 

1053.48 

-2i.21 

[Mr. BATEMAN 
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